Summary. We present the results of the first multi-scale N-body+hydrodynamical simulations of merging galaxies containing central supermassive black holes (SMBHs) and having a spatial resolution of only a few parsecs. Strong gas inflows associated with equal-mass mergers produce non-axisymmetric nuclear disks with masses of order 10 9 M , resolved by about 10 6 SPH particles. Such disks have sizes of several hundred parsecs but most of their mass is concentrated within less than 50 pc. We find that a close pair of supermassive black holes forms after the merger, and their relative distance then shrinks further owing to dynamical friction against the predominantly gaseous background. The orbits of the two black holes decay down to the minimum resolvable scale in a few million years after the merger for an ambient gas temperature and density typical of a region undergoing a starburst. The conditions necessary for the eventual coalescence of the two holes as a result of gravitational radiation emission appear to arise naturally from the merging of two equal-mass galaxies whose structure and orbits are consistent with the predictions of the LCDM model. Our findings have important implications for planned gravitational wave detection experiments such as LISA.
Introduction
Recent observations of molecular gas in the nuclear region of candidate merger remnants such as starbursting ultraluminous infrared galaxies (ULIRGs) reveal the presence of rotating gaseous disks which contain in excess of 10 9 M of gas within a few hundred parsecs ([3] , [5] ). Some of these galaxies, such as Mrk 231, also host a powerful AGN. The high central concentration of gas is likely the result of gaseous inflows driven by the prodigious tidal torques and hydrodynamical shocks occurring during the merger ([1], [7] ), and possibly provides the reservoir that fuels the SMBHs. If both the progenitor galaxies host a SMBH the two holes may sink and eventually coalesce as a result of dynamical friction against the gaseous background. The sinking of two holes with an initial separation of 400 pc in a nuclear disk described by a Mestel model has been studied by [6] and [4] . Here we avoid any assumption on the structure of the nuclear gaseous disk and initial separation of the pair: rather, we follow the entire merging process starting from when the cores of the two galaxies are hundreds of kiloparsecs apart up to the point where they merge, produce a nuclear disk, and leave a pair of SMBHs separated by the adopted force resolution of 10 pc. Previous simulations of merging galaxies with SMBHs have not followed the evolution of the central region below a scale of a few hundred parsecs due to their limited mass and force resolution ([11], [7] ). We are able to extend the dynamic range of previous works by orders of magnitude using the technique of particle splitting.
The Numerical Simulations
Our starting point are the high-resolution simulations presented in [7] which, as the new simulations presented here, were performed with the parallel tree+SPH code GASO-LINE [13] . In particular we refer to those simulations that followed the merger between two equal-mass, Milky-Way sized early type spirals having 10% of the mass of their exponential disk in a gaseous component and the rest in stars. The structural parameters of the two disks and their NFW dark matter halos, as well as their initial orbits, are motivated by the results of cosmological simulations. We apply the static splitting of SPH particles [8] to increase the gas mass resolution in such calculations (the stars and dark matter resolution remain the same), and reduce the gravitational softening accordingly as we increase the mass resolution. We select an output about 50 Myr before the merger is completed, when the cores of the two galaxies are still ∼ 6 kpc away, and split each SPH particle into 8 children, reaching a mass resolution of about 3000 M in the gas component (Figure 1) . The gravitational softening of the gas particles is decreased from 200 pc to either 40 pc, 10 pc, or 2 pc (one run is performed for each of the three different softenings). With the new mass resolution even for the smallest among the gravitational softenings considered the number of SPH particles within a sphere of radius equal to the local Jeans length is much larger than twice the number of SPH neighbors (=32), thus avoiding spurious fragmentation ([2] ). The two SMBHs are point masses with a softening length set equal to 10 pc and a mass of 3 × 10 6 M . We have run a suite of simulations with different prescriptions for the gas thermodynamics, and show here the results of two runs in which radiative cooling and heating processes are not included directly, rather an adiabatic equation of state with either γ = 7/5 or γ = 5/3 is adopted (irreversible shock heating, which is important during the merging phase, is included via an artificial viscosity term in the energy equation). According to the radiative transfer calculations of [10] the case γ = 7/5 approximates quite well the balance between radiative heating and cooling in a starburst galaxy (in [7] a central starburst indeed does occur in the final phase of the merger that we are considering here). A stiffer equation of state such as that with γ = 5/3 might instead be relevant when an additional strong heating source, for example AGN feedback, comes into play ([11] ).
